The article is focused on the calculation of bonded joint of window panels railway vehicles. It is bonding with a 1K-polyurethane between glass and aluminum vehicle frame. In assessing the deformation is necessary first of all to assess changes of length due to thermal expansion. In addition, the calculation focuses on the glass plate deflection when passing trains and at last calculates the allowable voltage that is compared with the allowable stress. Calculation of bonded joints is very important for critical bonded joints, which may endanger the lives of people.
INTRODUCTION
What do we understand by strength of a material or bonded joint. Knowingly or unknowingly, we distinguish materials according to their strength behavior. Steel, for example is referred to as solid because it can be loaded by forces, for example a steel cable by tensile load. Plastics like polyethylene or plexiglas, on the other hand, are regarded as less solid. Rubber for instance is described as soft.
A material is said to be solid when i tis hardly or not at all deformable under the inluenece of external forces. Less solid materials show a visible deformation ans soft materials like rubber can be deformed ro a large extend with little effort. [5] 2 POLYURETHANE ADHESIVES As the chemistry and reactivity of isocyanates are described in detail in several books of organic chemistry, only those reactions relevent to polyurethane adhesives will be detailed in the following sections. The reactivity of isocyanates is based essentially on the electrophilic character of the carbon atom in the cumulated doublebond system of the isocyanate group.
Isocyanates react with other substances either by polyaddition or polycondensation. In the manufacture of polyurethane adhesives, the polyaddition reaction is used, the reactivity of the substance added depends on the nucleophilic character of their reactive group. The reactivity of the attacking group decreases in the following order, aliphatic amines, aromatic amines, alcohols, phenols, thiophenols. The steric hidrance of the molecules also has an influence on the reactivity of the nucleophilic reagents For example, the reactivity decreases from primary to tertiary alcohols. The most popular method investigated and used commercially to date is the generation of polyurethanes by means of a reaction of diisocyanates or polyisocyanates with primary monoalcohols, dialcohols and polyalcohols. [5] 2.1 Structure and properties of polyurethane adhesives A distinctive feature of the polymer structure of polyurethane adhesives in the presence of hard and soft segments. Soft segments formed by long-chain polyether polyols have a low Tg, at room temperature they are in the entropy-elastic dispersion range. Hard segments are created by the crosslinking of diisocyanates with shortchain diols or diamines. Hard segments associate with each other to generate regions with high Tg-values, sometimes even leading to crystallization,thereby making it possible to generate polyurethane adhesives with two dofferent Tg-values.
While it is possible to generate adhesives with a wide variety of mechanical material properties, it is not easy to separate the proprties and application fields of polyurethane adhesives from those of other adhesives systems. Generally, the Tg of polyurethanes is higher than that of silicones, but lower than of highly crosslinked, structural epoxy resin adhesives, hence, polyurethane adhesives also have other mechanical properties compared to those adhesive systems. Polyurethanes can be subdivided into eitheir one-part or two-part system. [4] 2.2 One-part polyurethane adhesives Within the prepolymer structure of moisture-setting polyurethane adhesives, there are still isocyanates.
Moisture-curing polyurethanes are used in the furniture-making industry, in the manufacture of motor homes and as glazing adhesives in car manufacture.
Hydroxyl polyurethanes are thermoplastics with a hydroxyl group content of 0.5-1.0 % and are produced by a reaction of MDI with polyester diols. Typically they have a mean molar mass ranging from 50 000 to 200000 gmol -1 . For the bonding of shoe soles, hydroxyl polyurethanes are end-modifield with solvent. Moisture-setting thermoplastic polyurethane hot melts are obteined when hydroxyl polyurethanes are mixed with polyisocyanates.
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Their resistance to heat is increased by a crosslinking witch takes place at room temperature. Emulsifying of dispensing linear polymers in water produces aqueous polyurethane dispersion adhesives. For this purpose it is necessery either to add emulsifiers, or to incorporate hydrophilic groups or long hydrophilic polyol segment into the polymer matrix. Dispersion adhesives are used primarily in the packaging and textile industries. [4] 3 CALCULATION OF BONDED JOINT The calculation is focused on bonding for windows rolling stock and its aim is to establish minimum thickness of the adhesive layer and the width of the joint.
The deformation is used primarily to determine the minimum thickness of the adhesive layer da required joint width. It should also be using deformation verify that it is not prevented from deformation of bonded elements. The results, however, are also necessary to assess stress. [7] Important parameters needed for calculation: In assessing the deformations caused by temperature differences should primarily assess the changes of length due to thermal expansion. Temperature difference AT = 45 K arises from the rest of the car. Due to much lower stiffness than the stiffness of the adhesive layer both connected linear elements can change each side of S r easy to set. [7] ∆S = 0,5·hS·(αAL -αglas)·(Tmax,prov -Tlep) (mm) /1/ The minimum thickness of the adhesive layer with respect to the deformation-induced thermal expansion is calculated using a formula. [7] dmin = ∆S/tanγ (mm) /2/ In practice, for reasons of reparability proven adhesive layer of a thickness of 5 mm or more, although the calculation allows a smaller thickness. Further course of the calculation will be performed with a thickness of 5mm. [7] 3.2 The temperature in combination with external loads At a temperature T = 40 ° C based on change in length due to thermal expansion for the shorter side glass panels (700 mm). The shorter side is chosen because it is based on experience stress stressed shorter side panels. [7] ∆St = 0,5·hS·(αAL -αglas)·(Tmax,prov -Tlep) (mm) /3/ Pressure difference, which arises when passing trains, the board fills loaded uniformly distributed load. Consequently uniform surface load deflection occurs glass panes, which leads to the deformation of the adhesive layer.
In the model, again based on the fact that the stiffness of the plate and the frame is higher than the stiffness of the adhesive. For this reason, the plate is considered to be the circumference of hinged.
F deflection plates can be used to determine such small deflections by Wiedemann. The small deformations speaking, if the deflection of the plate is less than or equal to the plate thickness. [7] In the case of deflection larger than the thickness of plate deflections are larger than life, because he was not considered the effect of the membrane. Therefore, the calculation is conservative. How to show the effect of membrane depends significantly on shear bond strength. [7] q = 32·f·Eglas·ts 3 · (5·ls 4 
Stress analysis
In this case, it is understood that structural measures are implemented to prevent permanent deformation of the adhesive layer due to self-weight of the glass panels. If this is not the case, then to assess permanent deformation of the adhesive layer respectively. corresponding voltage.
The joint must be able to transmit pressure changes continuously. The total force that transmits can be calculated. [7] Normal stress In this case, it is necessary to assume that the characteristic stress is set at the 95% significance level with σch = 4 MPa for specimens that are similar to the design element. Reduction factors ft = 0.9 for 40 ° C, fm = 0.8 for the low influence of the media, fL = 1 own weight glass pane is ignored, FD = 0.17 for 109,500 load cycles, these values can be found in the documentation from the manufacturer adhesives. For the reduction factor fG can be substituted one, because it provides the strength of a sample that is similar to the design element. The factor of safety is considered value 2. Reduction factors bring to calculating the allowable stress influence of material characteristics. Too conservative evaluation of factors may lead to too small value of allowable stress and leads to unreasonable results. [6, 7] 
At present there is no fundamental theory and verified by comparison voltage for highly elastic adhesive. For polymer materials has been developed comparative stress which approximates most adhesives. [7] σv = (R-1)·σ + √[(R-1) 2 ·σ 2 +4·R·(σ 2 +3·τ 2 )] ·(2·R) -1 (MPa) /15/ For this calculation, it is considered the glue with R = 1.3. R is the ratio of compressive stress, which is strongly adhesive behaves non-linearly, to the corresponding tensile stress. [7] σv ≤ σzul (MPa) /16/ 4 CONCLUSION Today in adhesive bonding technology there is still empiricism. Whereas, in the design, creation, calculation and quality assurance of welded joints there exist fully developer standard sets of rules, guidelines and specifications that have been accepted and approved, this is not the case of bonded joints. The problem of calculation of bonded joints is a very complex matter. For correct calculation is necessary to know all the necessary parameters important for the calculation. In the design of bonded joints in rail vehicles is necessary to ensure the greatest safety and therefore performs stress analysis focused on the thermal expansion in combination with external forces.
